The development of a single-celled zygote to a multicellular organism requires the rapid yet controlled proliferation of cells. Both cell number and cell size are meticulously regulated in order to form complex tissues and organs. Cell division rate is fundamental for determining cell number and size. Mitosis is a critical process in tissue growth and cell biological research that remains to be fully understood, especially within a multicellular tissue environment.
This project aims to investigate how mitosis is regulated in complex epithelial structures found during organ development and how mitosis is influenced by changing tissue structure. Mitotic divisions will be studied within the highly proliferative epithelial tissue, the Drosophila wing disc. The wing disc is an intermediatelength pseudostratified epithelium (PSE). PSE is found widely in early organ development, and notably during neural tube to neocortex formation. To undergo mitosis within PSE, a nucleus must translocate from the basal to the apical surface prior to mitotic cell rounding, a process called Inter-kinetic Nuclear Migration (IKNM). The machinery that drives IKNM differs depending on the height of the epithelium. Short epithelia depend on actomyosin, whilst tall epithelia utilise microtubule transport and motor proteins. These mechanisms may cooperate in intermediate PSE but the regulation of IKNM remains to be elucidated.
How tissue architecture affects IKNM is the main focus of this project. The developmental increase in cell compaction and cell height within the Drosophila wing disc provides an ideal model system to study this question. Varying cell and tissue morphology may influence aspects of IKNM to regulate tissue growth. The characteristic folds of the wing disc provide regions of positive and negative curvature to observe the effects of opposing apical surface on IKNM. Furthermore, the powerful genetic tools provided by Drosophila will allow novel regulators of IKNM to be identified. Developing tissues have an amazing plasticity which is mostly based on the capacity of single cells to adapt their behavior to local and tissue scale information. While the pathways regulating cell survival and proliferation are well known, we still known very little about how survival and proliferation can be adapted to tissue scale information (tissue size, tissue density). Few years back, it was shown tissue crowding could lead to live cell extrusion from the epithelial layer. By analyzing a similar process in the Drosophila pupal notum, we recently showed that tissue crowding was necessary and sufficient to drive cell elimination (Levayer et al., Current Biology 2016) and that caspase activation was preceding and necessary for every cell delamination event. This was suggesting that cells could have a differential sensitivity to crowding depending on their sensitivity to apoptosis. Indeed, inducing fast growth in clones resistant for apoptosis (activation of the oncogene RasV12) was sufficient to induce ectopic compaction and elimination of WT cells. This mechanism is reminiscent of the concept of cell competition, whereby suboptimal but viable cells are eliminated by more fit cells, and suggest that such mechanical competition may promote tumoral cell expansion. We will present our current understanding of this mechanism and our attempt to identify new mechanosensing pathways responsible for crowding sensing and caspase activation. The segmented nervous system of bilaterians is organized in structural and functional modules. Modules share across species a robust structural stability. How this robustness is acquired during development is currently unknown. Here, we investigate the sequence of events involved in the establishment of the architectural balance of the nervous system. We demonstrate that a unique robustness pattern is common to the arthropods nervous system plan. In Drosophila, this pattern depends on the fine control of JNK signaling activity in a subset of neurons. JNK controls the level of expression of cell adhesion molecules (Fas 2) and axonal fasciculation. Remarkably, the Drosophila embryonic central nervous system compliance, measured by Atomic Force Microscopy (AFM) is affected in JNK defective embryos. Failure to fasciculate affects both architectural robustness and tensional balance, ultimately impeding nervous system condensation. Apoptosis is a mechanism of eliminating damaged or unnecessary cells during development and tissue homeostasis. During apoptosis within a tissue, the adhesions between dying and neighboring nondying cells need to be remodeled so that the apoptotic cell is expelled. In parallel, contraction of actomyosin cables formed in apoptotic and neighboring cells drives cell extrusion. To date, the coordination between the dynamics of cell adhesion and the progressive changes in tissue tension around an apoptotic cell is not fully understood. Live imaging of histoblast expansion, which is a coordinated tissue replacement process during Drosophila metamorphosis, shows disengagemnt of adherens junctions (AJs) between apoptotic and non-dying cells, including E-cadherin. Concurrently, surrounding tissue tension is transiently released. Contraction of a Abstracts S44
